Vitamin A deficiency (VAD), iron deficiency (ID) and iodine deficiency are regarded as the most common micronutrient deficiency diseases by the World Health Organization (WHO) and United Nations International Children's Emergency Fund (UNICEF). Iodine deficiency has been controlled effectively, but VAD and ID, which affect .30% of the global population, remain serious public health problems worldwide (1, 2). The most vulnerable groups are women of reproductive age, infants, and children. VAD and ID are more serious among preschool children in China (3-5), because their diets mainly consist of rice with low iron availability and without pre-formed vitamin A or pre-vitamin A (6).
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The close relationship between the status of vitamin A and iron has been widely recognized for many years because of several cross-sectional studies and supplementation trials (7, 8) . Moreover, a series of studies have documented that one of the mechanisms of VAD causing anemia is to impair iron absorption and/or utilization, but the mechanism of this effect is still unclear (9) .
Recently, a number of reports (10) have shown that the vitamin A consumption of children has significant effect on serum ferritin (SF) and serum transferrin receptor (sTfR) despite some conflict consequences among these intervention trials. However, few studies pay enough attention to the effect of vitamin A supplementation on iron metabolic homeostasis (simultaneously evaluating iron storage, mobilization and absorption) from the overall situation and to the corresponding mechanisms.
One of our previous cross-sectional descriptive investigations (11) has indicated that the serum vitamin A levels of preschool children were closely correlated with the iron biochemical index, which reflects body iron reserves (by SF) and mobilization (by sTfR), but not iron absorption (reflected by the ratio of sTfR to SF, namely the TFR-F index) or body total iron content (calculated by a special formula). Our subsequent supplementation trial (12) found that compared with vitamin A plus iron and multiple micronutrient supplementations, sole vitamin A intervention has a significant effect on iron storage and mobilization, but no effect on the TFR-F index or total body iron content, which prompted the possibility of little effect of vitamin A on iron absorption in the small intestine.
However, those studies did not have true control but many unknown confounding factors which led to no sufficient power to distinguish the effect of vitamin A on iron metabolic homeostasis.
At present, we make the hypothesis that the supplementation of vitamin A has no significant effect on iron absorption in the small intestine, in spite of the effect on iron storage and mobilization. Therefore, the present randomized, placebo-control and single-blinded cohort study was designed to exploit the vitamin A supplementation on iron metabolic homeostasis (including iron storage, mobilization and absorption status in the same population) compared with the sole iron and vitamin A plus iron intervention pattern.
MATERIALS AND METHODS
Subjects and ethical approval. This intervention study was performed in Huayuan Town, Pixian County of Chengdu City, Sichuan Province, western China from March to September 2011. Approximately 500 preschool children aged 3-6 y were randomly recruited from about eight kindergartens in this region. The eligibility criteria for participation were as follows: (i) apparently good health; (ii) hemoglobin (Hb) concentration .60 g/L; (iii) serum C-reaction protein (CRP) ,10 mg/L; (iv) parent or guardian's approval for participating in all aspects of the study; and (v) parent/guardian's agreement to avoid additional use of vitamin A and iron supplements during the investigation. Children with evidence of recent acute or chronic illnesses and/ or Hb ,60 g/L were not included in the study and were referred to a local medical centre for treatment.
The primary outcome objective for the present study was the change between before and after intervention in serum Hb. A sample size of about 50 pre-school children per group was sufficient to allow the detection of an absolute of 7.5 g/L Hb standard deviation of difference after supplementation with 95% power and a50.05 for a two-sided one-way ANOVA. Considering the loss of children over the duration of the study, we initially managed to recruit about 120 children per group. However, the baseline outcome measures including analyses of micronutrient status of blood and anthropometric indices before intervention were only obtained from 445 pre-school children, due to parents refusing permission and blood sample collecting difficulty.
Informed written consent was obtained from the parents/guardians. The enrolment and research plan were reviewed and approved by the institutional ethics committee of the Chengdu Women's & Children's Central Hospital of Chongqing Medical University in Sichuan Province, China and the study complied with the code of ethics of the World Medical Association (Declaration of Helsinki). Information on the socio-economic and demographic parameters of the children and their families was also collected.
Intervention. Four different intervention styles were used in the present study and the children in each nursery were randomly recruited into one of the four groups: group 1, group 2, group 3 and group 4. Children in group 1 received a 200,000 IU vitamin A capsule just one time initially; group 2 received ferrous sulfate [element ferrous (Fe) 1-2 mg/kg·d] once a day for 6 mo; group 3 received a 200,000 IU vitamin A (as retinol) capsule once initially and ferrous sulfate (element Fe 1-2 mg/kg/d) once a day for 6 mo; group 4 received no vitamin A or ferrous sulfate as a placebocontrol group. Children in group 4 received no capsule or tablet during intervention. Ferrous sulfate was given to each child at the afternoon snack time, 5 d/wk during the study period for groups 2 and 3. No ferrous sulfate intervention took place during school holidays or public holidays, and the ferrous sulfate was provided for a total of 120 school days (the equivalent of 24 wk). The vitamin A capsule was also orally given to each child at the afternoon snack time, but only on the first day when they were recruited into the study. The vitamin A capsules and ferrous sulfate tablets were provided by Sichuan Pearl Pharmaceutical Co., Ltd.
The study was designed as a single-blinded, randomized and placebo-controlled trial. With the help of child health-care workers, the children who met the eligibility criteria in all of the nurseries were randomly assigned to one of the four groups within the sex and age strata to help ensure sex and age balance of treatment allocation. The distribution of vitamin A capsules and ferrous sulfate tablets was administered by nursery managers, but not health care workers or nursery teachers The RAND function of Excel (Microsoft, Redmond, WA) was used to generate computer randomly permutated codes. The health care givers, outcome assessors, data analyst and children were not made aware of the intervention assignment for the duration of the study until after the completion of data analysis.
Compliance. Compliance of ferrous sulfate tablet consumption was monitored using recording tables, in which teachers recorded whether the child consumed "all" or "none" of the ferrous sulfate tablet. To avoid exchange of ferrous sulfate tablets among classmates, the four groups were physically separated by being moved to opposite corners of the classroom. Distribution and consumption of the ferrous sulfate tablet took place under close supervision; children in group 2 and group 3 were not allowed to leave the classroom or return to their original seats until their ferrous sulfate tablets were taken. If a child was absent or rejected the ferrous sulfate tablet, the amount eaten was recorded as "none." Information on the acceptability of the ferrous sulfate tablet was obtained by a short questionnaire administered at the 6-mo assessment.
Anthropometric measurements. Anthropometric examinations in each nursery were conducted by the same trained anthropometrists (a total of four) from Chengdu Women's & Children's Central Hospital at baseline and follow-up (6-mo) time points using standardized techniques to eliminate inter-examiner error. Duplicate measurements were performed for all participants. The inter-examiner coefficient of variation of weight and height for each examiner in groups 1 2, 3 and 4 was less than 5%. Weight was recorded using a weighing scale (100Med, Beijing, China) to the nearest 100 g with subjects in minimum clothing and bare feet. Similarly, height was measured in the standard position by the same standing scale (100Med) or a supine position by a supine scale (Haode, Guangzhou, China) to the nearest 0.1 cm. By using reference data from the World Health Organization (WHO; 2005), the Z-scores were calculated for height for age, weight for height, and weight for age. All indices were computed using Anthro (2005) for the personal computer, as recommended by WHO (http://www.who.int/childgrowth/software/en/).
Questionnaire interview. A 30-min questionnaire was conducted by a trained interviewer after recruitment. The questionnaire included questions on demographic information (children's age, sex), educational levels of main caregivers (who were responsible for at least half of the care time of the children), monthly family income, use of vitamin/mineral supplement before trial and food frequency recall (the frequency of deep-coloured vegetables and milk, liver and eggs).
Blood sample collection and biochemical measurement or assessment. At the beginning and end of the 6-mo period, two blood samples (about 3 mL) were collected by venipuncture of an antecubital vein from each subject before breakfast in each nursery. One milliliter was drawn into a container containing heparin to measure Hb by the hemoglobincyanide method (13) (Maker, Chengdu, China). The interassay variation was lower than 5% and the intra-assay variation was lower than 10%. The remaining blood was centrifuged at 3,000 3g for 5 min at room temperature. The blood samples were immediately stored at 4˚C to prevent micro-hemolysis and separated within 5 h. The centrifuged serum samples were divided into aliquots and immediately transported to the laboratory and stored at 220˚C. The serum samples prepared for retinol measurement were protected from light. The concentrations of SF (14) were measured using a commercial enzyme-linked immunosorbent assay (ELISA) (Sunbiote, Shanghai, China), sTfR (15) by microparticle-enhanced immunoassay (Sunbiote), CRP by particle-enhanced immunoturbidimetry (Sunbiote). Serum retinol concentration was determined by using high-performance liquid chromatography according to the method of Hariharan et al. (16) Definition of outcomes. The prevalence of deficiency for some biochemical indices was expressed as the percentage of pre-school children below the cut-off value. Prevalence of anemia was determined according to WHO criteria (17), i.e. Hb, 110,g/L for 5-mo-to 6-y-olds and Hb,115 g/L for 6-to 11-y-olds. According to WHO criteria (18) , a serum retinol concentration of ,0.7 mmol/L was classified as VAD and SF,12 mg/L (19) was defined as iron deficiency. Moreover, CRP levels of .10 mg/L indicated infection or inflammation as recommended by the manufacturer (Roche Diagnostics). The TFR-F index was estimated with sTfR (mg/L)/logSF (mg/L) (20) . Body total iron content (BTIC) (mg/kg) was estimated with 2[log(sTfR/SF) 22 .8229]/0.1207 (sTfR, mg/L; SF, mg/L) (20) .
Statistical analysis. Using the Kolmogorov-Smirnov goodness-of-fit test, the distribution of each set of data was tested for normality prior to analysis. Data were presented as the mean and SD for normally distributed variables or median (25th, 75th) for skewed distribution variables and data were normalized using natural-log transformations for skewed distribution data. 
RESULTS
Four hundred and forty-five children met the inclusion criteria (112 for group 1, 112 for group 2, 111 for group 3 and 110 for group 4). About 13% (58/445) dropped out during the course of the study. The dropout number was 17 (two for blood drawing failure and 15 for having moved during the trial) for group 1, 14 (five for blood drawing failure and nine for having moved during the trial) for group 2, 21 (five for blood drawing failure and 16 for having moved during the trial) for group 3 and 6 (all for having moved during the trial) for group 4. Thus, primary outcome measures including analyses of micronutrient status of blood and anthropometric indices at the end of intervention were obtained from 387 pre-school children (95, 98, 90 and 104 from groups 1, 2, 3 and 4, respectively). Retrospective data documented daily by caregivers indicated about 95% compliance with ferrous sulfate, suggesting that at least 95% of the pre-school children in group 3 and group 2 took the ferrous sulfate during the study period.
Baseline characteristics
The age of the children in the study was 4.660.73 y (mean6SD) and 50.6% of the children were female. The demographic and biochemical characteristics of the children studied are given in Table 1 .
Effect of intervention on serum biochemical indices
Our data indicated that there was no significant difference in the baseline levels of serum retinol, Hb, SF, sTfR, TFR-F index or body total iron content among the four groups (Table 2 ). After 6 mo intervention, the serum retinol status of children in group 1 and group 3 increased significantly (p,0.05) when compared with baseline, and that of children in group 1 and group 3 was markedly higher than those of children in group 2 and group 4 (p,0.05). Moreover, after intervention, the Hb levels of children in groups 1, 2 and 3 all significantly increased to the same degree (p,0.05). The SF level of children in group 1 significantly decreased after intervention (p,0.05), but increased in group 2 (p,0.05). Only in group 1 did the level of sTfR markedly decrease after intervention (p,0.05). In group 2 and group 3, the levels of TFR-F index and BTIC had statistically increased to the same degree after intervention (p,0.05).
Effect of intervention on prevalence of anemia, VAD and ID
At the baseline, the prevalence of anemia, VAD and ID of all children was 23.5%, 9.0% and 30.0%, respectively (Table 3) . No significant difference in the prevalence of anemia, VAD or ID at baseline was observed by treatment group. For children in groups 1, 2 and 3, the prevalence of anemia markedly decreased to the same degree after intervention. At the same time, the prevalence of VAD in group 1 and group 3 significantly decreased (p,0.05) after intervention to a similar degree. Moreover, the prevalence of ID significantly increased for children in group 1 (p,0.05), and decreased for children in groups 2 and 3 (p,0.05). The prevalence of ID after intervention was significantly different among each group: from the highest to the lowest the prevalence was 36.8% (group 1), 29.8% (group 4), 18.9% (group 3) and 10.2% (group 2).
DISCUSSION

Effect of intervention on serum hemoglobin
Compared with the placebo-controlled group, this randomized, single-blinded, placebo-controlled and population-based field interventional trial has demonstrated that, after intervention, the concentration of hemoglobin was markedly increased in all three interventional groups to the same degree, regardless of the type of intervention. Likewise the administration of one high dose of vitamin A to preschool children for 6 mo has the same beneficial effects on improving serum hemoglobin level and decreasing the prevalence of anemia as sole iron and iron plus vitamin A intervention, which was similar to other intervention trials around the world (21-23). The effect of vitamin A administration 3 No significant difference among intervention groups. 4 Main caregiver was the caregivers who at least were responsible for half of the care time of the children. 5 Consumption days of certain foods were more than or equal to 3 d in a week. Data are expressed as number of subjects (percentage). 1 Group 1, vitamin A; group 2, ferrous sulfate; group 3, vitamin A and ferrous sulfate; group 4, placebo control. 2 No significant difference of the prevalence was found at baseline by the treatment groups. 3 Comparison of the prevalence between baseline and after invention by each treatment group with significant difference (p,0.05). 4 SNK test for multiple comparisons: different letters are significantly different (p,0.05).
on hemoglobin in the study may be due to the reported function of retinoid in the regulation of apoptosis, or programmed cell death in erythroid progenitor cells and regulation of iron metabolic homeostasis (24) . Very interestingly, on the other hand, our data also showed that iron plus vitamin A administration was not additionally efficacious in reducing the prevalence of anemia or improving the status of hemoglobin. This conclusion was inconsistent with those of other studies to some degree. In some populations (25, 26) , simultaneous supplementation with iron and vitamin A increased hemoglobin concentrations to a greater extent in anemic subjects than did iron or vitamin A supplementation alone. Because the major strength of the present study was the rigorous design and statistical analysis and the careful standardization of the experimental measurement, we believe that a normal level of serum hemoglobin, which contributed to no sensitivity to different intervention styles, could account for the lack of additional efficacious of iron combined with vitamin A administration in the present study. Nevertheless, because of the different mechanisms of the effect of vitamin A and iron on hemoglobin synthesis, it is worthy of attention that the iron metabolism condition of children in the three administration groups was completely different.
Effect of intervention on serum ferritin
The present study data also indicated that sole vitamin A administration could significantly reduce serum ferritin, an iron storage and positive acute phase response protein whose concentration increases during inflammation regardless of true iron status. This decrease in ferritin, accompanied with the increased hemoglobin levels, and the increase in the prevalence of iron deficiency after intervention could be attributed to vitamin A, which may increase the mobilization of iron storage for hematopoiesis. The result was consistent with others. Zimmermann et al. (21) found that high dose vitamin A administration at baseline and 5 mo significantly decreased serum ferritin level accompanied with increased hemoglobin and reduced the prevalence of anemia, which suggested mobilization of hepatic iron stores. Cusick et al. (27) also reported that vitamin A supplementation reduced serum ferritin concentrations and increased the reticulocyte production index, which indicated that vitamin A also mobilized iron from stores and stimulated the production of new erythrocytes. Our data also suggested that the decrease of serum ferritin which accompanied an increase of hemoglobin after vitamin A administration could be attributed to the enhancement of iron utilization but not iron depletion.
Consistent with other studies (28, 29) , the present trial also found that the sole administration of iron improved the iron storage and children's anemic status, which manifested itself in the increase of serum ferritin and the reduced prevalence of anemia.
Effect of intervention on serum transferrin receptor
Compared with sole iron and iron plus vitamin A intervention, the present study showed that one high dose of vitamin A administration markedly decreased the serum transferrin receptor levels. To our knowledge, there was little literature to explore the relation between vitamin A status and serum transferrin receptor levels. Only one cross-sectional study (30) suggested that Hb AA (two working beta globin genes) and Hb AE (one working beta globin gene, one hemoglobin E gene) children with a serum retinol concentration ,0.70 mmol/L had no significant difference in transferrin receptor concentrations than did those with a retinol concentration 0.70 mmol/L (p50.009). In addition, Zimmermann et al. (21) showed that vitamin A treatment decreased serum transferrin receptor (p,0.001) while increasing mean corpuscular volume (p,0.001) which indicated improved iron-deficient erythropoiesis. Moreover, one of our previous studies (31) also suggested that not only sole vitamin A intervention, but also vitamin A plus iron and vitamin A plus multiple micronutrients all decreased the serum ferritin and transferrin receptor levels and the result was considered as the effect of vitamin A intervention on iron storage and mobilization.
As we know, transferrin receptor (TfR) is a transmembrane protein that mediates iron delivery from the extracellular pool into erythroblasts by receptor-mediated endocytosis and is mostly located in the erythroid precursors in bone marrow (32) . Serum TfR (sTfR) concentration is proportional to cellular expression of the membrane-associated TfR and increases with elevated cellular iron needs and cellular proliferation. The present study indicated the decrease of serum transferrin receptor accompanied the increase of serum ferritin and hemoglobin, and the improvement in the prevalence of anemia after vitamin A administration suggested that vitamin A improved the erythropoiesis.
Effect of intervention on TFR-F index and body total iron content
The conventional markers, serum ferritin level and serum transferrin receptor, are widely used to identify iron deficiency and its severity in epidemiologic investigation. However, serum ferritin and serum transferrin receptor levels are affected by inflammation and malnutrition status, respectively (33) . Therefore, more reliable methods to assess iron status are needed to determine the prevalence of iron deficiency and the impact of iron supplementation and fortification trials. Cumulative data (20, 34) have described a new method for assessing iron status based on the quantitative measurement of body iron. A close linear relationship was demonstrated between the logarithm of the concentrations in micrograms per liter, of serum transferrin receptor/ serum ferritin (R/F ratio, TFR-F index), and of body iron expressed as milligram per kilogram body weight. The latter is expressed as the iron surplus in stores (positive value) or the iron deficit in tissues (negative value). Body iron was calculated from the TFR-F index as follows: body iron (mg/kg)52[log(R/F ratio) 22 .8229]/0.1207.
Very interestingly, our data indicated that when compared with the placebo-control group, sole vitamin A administration had no effect on TFR-F index or body total iron content, regardless of the increased hemoglo-bin, improved anemic prevalence or decreased serum ferritin and transferrin receptor levels. The result suggested that overall body iron remained unchanged when vitamin A alone was administered. On the other hand, iron and iron combined both significantly increased the levels of TFR-F index and body total iron content. This finding implied that vitamin A probably had no mediated effect on iron absorption in the small intestine.
Cumulative studies have been performed to explore the effect of vitamin A on iron absorption but the results were not consistent. One of our previous interventional trials (12) indicated that compared with vitamin A plus iron and multiple micronutrient supplementations, sole vitamin A intervention also has a significant effect on iron reserve and mobilization, but has no effect on TFR-F index or total body iron content, which prompted the possibility of little effect of vitamin A on iron absorption in the small intestine. Zimmermann et al. (21) also suggested that although vitamin A treatment of children decreased the serum transferrin receptor and serum ferritin level (p,0.001), the TFR-F index and body total iron content remained unchanged at 5 and 10 mo after intervention. Moreover, human isotope studies performed by Walczyk et al. (35) also suggested that no effect of vitamin A on iron absorption from the test meals was identified in the individual studies by using a paired Student's t test. Nevertheless, a slightly negative effect of vitamin A on iron absorption was found with the use of analysis of variance.
However, our finding argued against some studies which prompted a vitamin A-mediated increase in iron absorption. García-Casal et al. (36) found that the presence of vitamin A increased iron absorption up to twofold for rice, 0.8-fold for wheat and 1.4-fold for corn. Beta-carotene increased absorption more than threefold for rice and 1.8-fold for wheat and corn, suggesting that both compounds prevented the inhibitory effect of phytates on iron absorption. We have no definitive explanation for the contradictory results, but methodologic artifacts such as incomplete equilibration of the isotopic label with the fortification iron and native meal iron do not explain these conflicting results. It is possible that vitamin A enhances the absorption of iron or its subsequent incorporation into red blood cells only in subjects with impaired vitamin A status. However, this remains to be investigated.
Strength and limitation analysis of the present study
We believe that the present blinded, randomized trial had many strengths. The four intervention groups were comparable at baseline and the study was single-blinded, although the success of blinding was not assessed. Children were randomly assigned to an intervention group by an investigator who was external to recruitment and had no information regarding potential covariate factors. Because of low attrition, the results can probably be generalized to children in western China living under similar socioeconomic conditions and dietary patterns.
Despite the advantages, there were some limitations to the present study. Firstly, because of the different administration of vitamin A capsule, ferrous sulfate and placebo, we did not strictly perform a single-blinded field study which might have brought bias to the explanation of result. However, most of the indices of present study were objective indicators which reduced the impact of bias to the result as much as possible. Furthermore, because of the limited design of the original protocol and the inadequate size of blood samples obtained from these preschool children, we did not evaluate the effect of the micronutrient supplements on serum thiamine, riboflavin, niacin, folate, zinc, or calcium. Measuring these micronutrient levels will be an important addition in future studies. There was no overdose response report, especially for vitamin A, because no participants took any additional vitamin or mineral supplements during the investigation.
In summary, our data indicated that compared with iron administration, the impact of vitamin A intervention on iron metabolic homeostasis was mainly manifested in iron storage and mobilization, and showed no direct effect on total body iron content or iron absorption in the intestine. Our data may be applicable to other preschool children living in similar socioeconomic districts.
